; 1234e3eR XXYI\p\_6 TR |2 8 OCT 2002 1 DESCRI PTION  DATA STORAGE APPARATUS
AND ACCESS METHOD THEREOF 5 Technical Field The present invention rel ates
to a data storage apparatus storing data, nore specifically 'B? aé"l appar at us
which wites/reads data to/fromdata recordi ng nmedi um such 1 §s 2 netic
di sk according to wite/read commands rlecei ved over a network froma
plurality of conmputers or peripheral devices connected to the network.

Background Art 15 A hard di sk device and other data recordi ng dgyi as
data storage devices used for readirélg/\ivri ti nil i nf or mati on to/frﬁME’M’Wm’”[m
recordi ng medium are typically JdORfeeRdP TbON conputer or other

device, and read/wite information by executing commands recei ved 2W0s6fésrom’

the conputer or so. Recording to or reading fromthe hard di sk”mmmﬁmm“m
caused by comuni cating conmands with data. The conmands conpri M”m
or read instruction, theDAEA iSORORAG RhASGHP ARATAAS/ write oper at kb«
begins (the address), and data size to read or wite. They 25 instructs the
di sk drive what to do AND A@GGEHSSaMETHOD THEREOF
5
Technical Field
The present invention relates to a data storage
apparatus storing data, more specifically to an apparatus
which writes/reads data to/from data recording medium such
10 as a magnetic disk according to write/read commands

received over a network from a plurality of computers or

peripheral devices connected to the network.

Background Art

15 A hard disk device and other data recording
devices as data storage devices used for reading/writing
information to/from a data recording medium are typically
connected to a computer or other terminal device, and
read/write information by executing commands received

20 from the computer or so. Recording to or reading from the
hard disk device is caused by communicating commands
with data. The commands comprise a write or read
instruction, the position from which the read/write operation
begins (the address), and data size to read or write. They

25 instructs the disk drive what to do Each command also has



2.~ OCT 2002 2 a command identifier (such as an ID nunber) for identifying
the command. When a wite conmmand is issued, the hard di sk device receives
the information to be witten (wite data), 5 and perforns a W2iteCT 2002
operation for witing information with the specified data size to the
recordi ng medi um fromthe specified stdrt address. \Wen a read comand is

i ssued, the hard disk device reads data with the specified data size from
the specified start address, and sends the read data to 10 the conputer. A
plurality of commands each having an identifier can be received before
processi rag ca mpneanausd g nit &fd eir vesiu cbmasna ni $ Dc ongrhéteard). fdhiid e rstibgoagse t he
sane nunber assigned to a command is assigned to the data associated with

t hat comthedcoAsnmeandsult, comuands and 15 data will not be confused. Wite
and read operations to a hard disk (recording nediunm are referred to as

di sk "access" oper aNihes. aBetritseqoentiah dacsesss aed ,r ahdorh aed edss k
operations are possible. 20 In the sequential access, the addresses of
successi (e viesse opbY @b i bine &nfofm atibat Aot ibad |writeesequiiive gesugnce such
that the end of a first accessed data bl ock and the start of the next

accepsed f1pd ap Blr p6 kmay & QQPREC W p & Fa tildyy emdanty Gtireg I B9y th i deadioh the
device 25 fromthe end of the first access block to the start of the 2 a

ocT 2002 tReneshedffGeYS ddth esfzésteMehb, retdrding e dditBn’ 9agh{ echéor the
head to nmove fromthe end address to the start address (the seek tinme) is

short. Theieémied haran@datesls.dalgnhblinta Gala @echbdith HhdMé t{edyéa 2

predeterm ned period (the data 5 throughput or transfer volune) Is great.

Weh the than SRR Rss d ARy fead I-iftd Swith RAkA Wiﬁﬁ@db%\e@e i2gdr esses
dth in e

of consecutive access operations, an e recor ad may need to nove a

great di ?'réfrg% eT%ﬁ]ééﬁﬁHi 8Fa N Al FHYAOLS ACHPESs ORE'SAEh 8"Fe 20 g%éggg{,:f ore

on average longer than that in sequential access operations,

OIS oMb LIE] ™ e AIAIE S chesomiandl kot 5080 oo be
identifier can be received before processing a previously
received command is completed. This is because the same
number assigned to a command is assigned to the data
associated with that command. As a result, commands and

15 data will not be confused.

Write and read operations to a hard disk
(recording medium) are referred to as disk "access"
operations. Both sequential access and random access
operations are possible.

20 In the sequential access, the addresses of
successive access operations are in substantially
consecutive sequence such that the end of a first accessed
data block and the start of the next accessed data block are

consecutive. Movement of a recording head of the device

25 from the end of the first access block to the start of the



15 type of hard disk device systemis known as "a data server”. \Wen a
plurality of users separately access information on a single nmagnetic disk
device (data server), the disk is accessed by a random access) gpgfabjpn,
and data throughput therefore drops. 20 This type of data server is
increasingly used for storing and retridevi ng audi o-video (AV) data. Wile
conputer data can be read out and correctly reproduced even when there are
delays in data access, that is, data reproduction is not tinme dependent,
nat ural reproduction of 25 audio and video information requires a specific

(large) néx& acctsXd@ddraessuns emaHt atiiat e thad tivntdhire cuigeatifiorc
limted anount of tinme. AV information is thus tinme-dependent. As a result,

when AV dgie h&adandomon etivioar end eaadafiddre $wiltd phe eeEPUipdaredat a
transfer may not proceed snoothly. 5 Disclosure of Invention Wth

consi der attihan sedé k tth @pages et omath s b €eh el &l Suhftes £fcPs €a am abj ect
of the present invention to inprove the efficiency of data reading and

witing igap B Galed Séprvagﬁtéﬁp@ﬁaé%rbg%x\étfé}rﬁirﬁT@G_n?Tér%Qi gkhsr_d%ttaer
internal recording nediumfronmito which it reads/wites information. In one

aspest Of i, bRYAN bfMhrah SRER v QTGS RPBRERIYS for storing data to a

data recording nediumis 15 provided. The apparatus receives comands

through a communi cafyqR de\d CpahlIThe’d 868-)s 19V G8%e LRI tas g data

recordi ng medi um data received with a conmand en the'received command is

awite CP&F&?@GPQ{\% WS ) 88 nf e%&?&s&%@%‘? iao%dsree@au%mgéce gads

i nformation romthe data recording nmediumaccording to the read conmand

oo e LeLbRll S8ke. EH UGN LPECCRUIYY SHELEL MY cree AN,
command 404t distance. The seek time in random access operations

10 is therefore on average longer than that in sequential
access operations, and data throughput per unit time is
therefore less.

Hard disk devices can also be connected to a
network and accessed from a plurality of computers. This

15 type of hard disk device system is known as "a data server".
When a plurality of users separately access information on
a single magnetic disk device (data server), the disk is
accessed by a random access operation, and data
throughput therefore drops.

20 This type of data server is increasingly used for
storing and retrieving audio-video (AV) data. While
computer data can be read out and correctly reproduced
even when there are delays in data access, that is, data

reproduction is not time dependent, natural reproduction of

25 audio and video information requires a specific (large)



25 storing device groups received commands according to a 2 9 0 c T 2002
5 recording area on the data recordi ng nedi um accessed by each conmand, and
stores the received cormmands to a predeterm ned command group r@ﬁ'ZWZ
according to the group. The command executi ng devi ce selects 3t
predeternined 5 time interval one of tHe command group areas in the command
storing device, and executes at |east one of commands stored in the

sel ected command group area. The data recordi ng medium may be a magnetic

di sk. In the apparatus, the conmand executing device 10 may sel ect the
command gaoupuateafsdatantotihe nestd mwithén af specdiat B idedmamoums t he
one sel ected command group area at a specific tinme interval. The command
execut i ngofletime.myAM sinfoaieati@ne isf thius ctinimard egrequgearteas As tehe
command storing device in the 15 predeterm ned sequence. The said comand
execut i ngresuilte whercom\M i data diest ecandonbyi séoaad aamdmmarald pfedincti ng
devi ce. The detection device detects whether data specified by a plurality
of read coromaiplke ico sitpay e ¢,0d20 as tropresf é almagcorati pgoaieesd om ddihlgat a
recordi ng nmedi um when commands stored to the sel ected conmand group area
are gead commands. The conmand predicting device predicts a command for
reading out data froma data recording area on the data recordi ng nedi um

when the Piséebecireonfdem /tidt erm nes that sequential recording areas 6
2 9 0cr 2002 are accessed by said read commands, where the data recording

area being sequenti gyifo ARSI AEFEBTAT Dho COTHRNISa BbYEed rha thgneal ect ed
command group area. Then the predicted conmand i s processed consecutively
to 5 comppdp|eansaijned ith dritfot@l Gt &b fFOSTRIN tBIOW €/t invention
to improve the efficiency of data reading and writing in a
10 data storage apparatus having a magnetic disk or other
internal recording medium from/to which it reads/writes
information.
In one aspect of the invention, a data storage
apparatus for storing data to a data recording medium is
16 provided. The apparatus receives commands through a
communication device from external devices, records to the
data recording medium data received with a command when
the received command is a write command, and when the
received command is a read command, reads information
20 from the data recording medium according to the read
command and outputs the data through the communication
device.
The apparatus comprises a command storing

device and a command executing device. The command

25 storing device groups received commands according to a



In a second aspect of the invention, a nethod is provided for controlling a
data storage apparatus for storing data to a data recording nmedium The
apparatus receives conmmands through a communi cation device fromexternal 10
devi ces, and records to the data recordi ng nedi um dat a recei ¥80GTH 28922
command when the received coomand is a &wite comand, and when the received
command is a read command, reads information fromthe data recordi ng nmedi um
according to the read comand and out puts the 15 data through the

conmmruni cation device. The nethod conprises the steps of: grouping received
commands pscording tare® renofilend steea ewo tdie glana dieanr Giote §86iduby
accessed by each command; storing the received commands to a predeterm ned

command geeuth 280a RPaAACOBGdIgstoréBe thredups ceel et | dgmah ath s edet & ni ned
time interval one of the command group areas; and executing at |east one of

o The. pr Beem vanEy o o8 BT oeaeaoe Teca ot o e T der |
received, The dofhilapd @R8%uting device selects at a predetermined
5 time interval one of the command group areas in the
command storing device, and executes at least one of
commands stored in the selected command group area. The
data recording medium may be a magnetic disk.

In the apparatus, the command executing device

10 may select the command group area storing the most
number of unexecuted commands, as the one selected
command group area at a specific time interval. The
command executing device may also select one of the
command group areas in the command storing device in the

16 predetermined sequence.

The said command executing device may
comprise a detection device and a command predicting
device, The detection device detects whether data
specified by a plurality of read commands is stored to

20 sequential recording areas on the data recording medium
when commands stored to the selected command group area
are read commands. The command predicting device
predicts a command for reading out data from a data

recording area on the data recording medium when the

25 detection device determines that sequential recording areas



but in groups of commands grouped by the area on the data storage nmedi um
accessed by each command. Access to the recording area of the recording
mediumby a plurality of commands within a predetermned tine period is
therefore 5 restricted to a linmted area of the disk. Read/wfiét @ hegg
novenent when accessing the data recordng area is therefore reduced, and
the anobunt of data read or witten to disk wwthin a specific unit of tine
can therefore be increased. 10 In addition, when data stored to sequenti al
addresses in the recording area of the data recording nmediumis accessed,
access coan@ndscchsseathyvdyst Bialidndie dderc? Byaavedis caw herer ddiet edata om t he
address contiguity of received commands and processed before the actual 15
command isececdingd. argaa besnpt , sagakniialeltcamresa s uradeessedlicdd, and
data t hroughput can be further inproved. O her objects and attai nnents

t oget her eonimarnidk| estamatkr $hantiiengsefethed nventmamdvi Igr daep orar espar ent
20 and appreciated by referring to the foll owi ng description and cl ains
taken in Tomgrurtidte qurew idt & dec ammnapedyiisng rdrces sgsl. cyn eé cdsee | pttioon of
Drawings 25 Fig. 1 is a block diagramof a data server system 2 8 OCT

700258 asca niimizin §50¢ ag¢adppar i Uh e calieds tegd too mrhahad gricigraesla.
enbodi nent of the present invention. Fig. 2 is a schematic diagramthe data

i agr am Lhat descr | bac- an exansl ety Srr oot ure ot o beet ved Sommend ® Fi g
3B is a dpagiadelddbrdesetidIgm §na eXet®! stior G & Uap B 2l SMFbt e feaeh glat a.
data to a data recording medium. The apparatus receives
commands through a communication device from external
10 devices, and records to the data recording medium data
received with a command when the received command is a
write command, and when the received command is a read
command, reads information from the data recording
medium according to the read command and outputs the
15 data through the communication device.

The method comprises the steps of: grouping
received commands according to a recording area on the
data recording medium accessed by each command; storing
the received commands to a predetermined command group

20 area according to the group; selecting at a predetermined
time interval one of the command group areas; and
executing at least one of commands stored in said
selected command group area.

An apparatus according to the present invention

25 processes received commands not in the order received,



Fig. 4 is a diagramthat shows the segnmentation 10 of the recording area of

a magnetic disk used in the data server systemaccording to this first
Fig. 5is a map of the nenory space of nmenory used in
the data server systemaccording to this first preferred enbpgi

preferred enbodi nent.

Fi gs.

preferred enbodi nent.

anp 15
6A- 6F are di agram whi ch describe % he sequence in which reocv:tgin\;ﬁgé
commands are processed by the data server systemaccording to this first
Fig. 7is a flowchart of the main routine of the 20
data server systemaccording to this first preferred enbodi nent.
a flow chaut iof grice geneded mecandsng irweedsbyf theeadeaiaosether datst em
according to this first preferred enbodi nent.
t he commastb exgeutm exdiumo aZ & T8 d2092 e@ralt essmah antt. dAtc ses Vtar thyest em
according to this first preferred enbodi ment. Figs. 10A-10F are di agrans

Fig. 8is

25 Fig. 9is a flow chart of

whi ch despe cbedamgexeamd eobf th éersequetiog | mendiurh taceaveducamitgndsft are 5
processed in the data server systemaccording to this first preferred
enbodi mentonbingandsd wdthifml awpebaldteafmimedr ¢ad edaieriod piw tpreacsfaTreof the

data server systemaccording to this first preferred enbodi nent.

10 Fig.

12

i s asfl owebhritted tthe aimrnddexamdi on ecdsskof Rwadahaieryeadsystem
according to a second preferred enbodi nent.

10

156

20

25

movement when accessing the data recording area is
therefore reduced, and the amount of data read or written
to disk within a specific unit of time can therefore be
increased.

In addition, when data stored to sequential
addresses in the recording area of the data recording
medium is accessed, access commands that have still not
been received can be predicted from the address contiguity
of received commands and processed before the actual
command is received. As a result, head travel can be
further reduced, and data throughput can be further
improved.

Other objects and attainments together with a
fuller understanding of the invention will become apparent
and appreciated by referring to the following description
and claims taken in conjunction with the accompanying

drawings.

Brief Description of Drawings

Fig. 1 is a block diagram of a data server system



Fi gs. 13A-13F are diagranms which describe processing received commands and
predi cted commands in 15 the data server system according to a second
preferred enbodinent. Fig. 14 is a diagramthat describes thezrgeng)fyzoé:zpace,
particularly the predicted conmand storage area, of the nmenory in the data
server system according to this 20 secdhd preferred embodiment. Fig. 15 is
a diagramthat describes the nenory space, particularly the predictive read
data storage area, of the nenory in the data server system according to
this second preferred enbodinment. 25 Fig. 16 is a flow chart of the commuand
receivingas 2 late€ Steodgelappacabssi actiosdiaga teeravdir sy g mafiesreat di ng
to a third preferred enbodi nent of the present invention. Fig. 17 is a flow
chart of emebexdeuehdroiptheepsesiedoimraedtsdnred in the execution group are
in the data 5 server systemaccording to a third preferred enbodi nent of

the present inventi¢nig.Fi2g.isl8ai $ohématichatiagafarhhe hrecad adat & o ept
process in the data server systemaccording to a third preferred enbodi nent

of the pregenem nyieawmnn FogBestcdbdected €arayheowayk.the I nvention The
preferred enbodi nents of the present invention are described below with

refemence to the acqugpa®n ng &i @i §pamlInBEtedeaicr by &in Sygeap hsryp data
st orage apparatus descri bed bel ow recei ves commands, groups the received

commands g¢eQEi P8 &P aarea el el @ oraewadigng nediumto which the received
commands access, stores the received conmands to conmand group areas in a

oY or " ommani LB 88581 PR et SO BUTTH o 0 A
structure of write/read data.
Fig. 4 is a diagram that shows the segmentation

10 of the recording area of a magnetic disk used in the data
server system according to this first preferred embodiment.

Fig. 5 is a map of the memory space of memory
used in the data server system according to this first
preferred embodiment.

15 Figs. 6A-6F are diagram which describe the
sequence in which received commands are processed by
the data server system according to this first preferred
embodiment.

Fig. 7 is a flow chart of the main routine of the

20 data server system according to this first preferred
embodiment.

Fig. 8 is a flow chart of the command receiving
process of the data server system according to this first

preferred embodiment.

25 Fig. 9 is a flow chart of the command execution



group areas in batches at a predetermned tine interval. This allows
novenment of a recording head of the data server to be reduced, and
therefore the efficiency of disk 25 access could be inproved. 280CT
z002 11 (Enbodiment 1 ) Fig. 1 is a block diagramof an exengléggTt

server systemwhich is inplenmented as aShard di sk device 5 according to a
first preferred enbodi nent of the present invention. As shown in Fig. 1,
this data server system 20 conprises a CPU 21 , a nenory 22, a bus 23, VGA
interface 24, an input/output (110) interface 25, a network interface card
(NIC) 26, paodiesps apf28heudatm aeCRErnsyistem acomidiytmata 28is nbiosé 30,
and a hard disk drive (HDD) 32. The CPU 21 runs a program stored, for
exanpl e, preferced 2MbTlddmenbry 22 tenporarily stores both data and
prograns (applications). The bus 23 carries information between the various

devi ces connected t &igach IGAcHIOF hyewadiadraims bwhiz® dbecdibpel ayn28
presents both textual and graphic information to a user after the

i nformati exdmple dfsphayekdqeepioreassadhioh féspliagdoydmen ¥ad nhesf ace
24. A user enters information and commands with the keyboard 29, nouse 30,

or otfer grlcxedsey MRatlse dAtahe eddter @Yigte Mears AHdE ngtieehed fi@sthe bus
23 through 1/0 interface 25. The hard disk drive 32 typically contains, as

a data regiediergedeimBoddnand. di sk or a di sk-shaped medi um coated with a
magnetically sensitive material for 25 recording information. The hard di sk

o yecsr om0 1o 9 A BT A Breenen ke ndde e gLbigey o o
20 connectyy dce § Be ofeiter kidfla VEariBe RE MY LSS ditfy C%dtﬁw Qirds-
preferred embodiment.

10 Fig. 12 is a flow chart of the command execution
process of the data server system according to a second
preferred embodiment.

Figs. 13A-13F are diagrams which describe
processing received commands and predicted commands in

15 the data server system according to a second preferred
embodiment.

Fig. 14 is a diagram that describes the memory
space, particularly the predicted command storage area, of
the memory in the data server system according to this

20 second preferred embodiment.

Fig. 15 is a diagram that describes the memory
space, particularly the predictive read data storage area, of
the memory in the data server system according to this
second preferred embodiment.

25 Fig. 16 is a flow chart of the command receiving



5 1n a data server system 20 thus conprised, the network interface card 26
and the network 31 provide a device for comunicating wth devices external
to the data server system 20. In addition, nenory 22 prOVideSdf8§ﬁ i g3 f or
storing a plurality of read and wite conmmands. 10 A device f etectring
fromthe plurality of commands in menor{022 those commands that access
informati on from consecuti ve storage addresses on disk, and a device for
predi cting and addi ng a read conmand continuing fromthe end of a
continuous data stream specified by a read 15 command, can be achieved in
sof t ware paac®ss hen Ccbie21dakag.serwdbws yatesxe@sicondisygst ém ian thirch t he
data server systemshown in Fig. 1 is used. As shown in Fig. 2, data server
syst ens 2paefadredbearkzodimertt @f thenptesekt3invenbiami ch a system
controller 201 and AV 20 term nals 203 and 204 are al so connected. The
system control |l er 2Figmahages a fifownmahiaoh of dhedexe clatia rs@mnoase sysoéens 20a
and 20b. Using AV term nal 203 or 204, a user records or reproduces audio
and vi suato(ahdf statadnin othed éxeouthendajrowser e sist g8me Hwtpand 25
20b. 2 8 OCT Z002 13 To record AV information, the AV information is
inpus to seevAaY sppUeniesotbading AY aethirdalpra@arréar eexboRliitaeafdop start
recordi ng operation is perfornmed. The AV term nal 203 obtains address

i nformati enef prede mnMyvénti®h. data that can be recorded to data server
systens 20a and 20b within a predeterm ned period of time. In this

exenpl ary enbodi menfighi 9 gersi ol plowi ehdry 2fS¢ReNdeadhaaddr@stput
information is obtained fromthe systemcontroller 201. The AV term nal 203

then conppessass$ hen1QnAY 4atar rediwer apdtepndadderdiid nter mtigrgv th a
wite conmand to the data server systens 20a and 20b. Betore conpletion of

recor di ”gptr@f!'ir?eaeéﬂﬂgﬂﬁqmé/ﬁ{ Y¥ tREDHPE seintdA Pentitn AV term nal 203

polls the systemcontroller 201 to obtain address infornmation for the next
5 sqgpnds of data,

Best Mode for Carrying Out the Invention

The preferred embodiments of the present
invention are described below with reference to the
accompanying figures.

15 The data server system as a data storage
apparatus described below receives commands, groups the
received commands according to area on the recording
medium to which the received commands access, stores the
received commands to command group areas in a memory

20 according to the access area of received command, and
executes the stored commands in one of the command
group areas in batches at a predetermined time interval.
This allows movement of a recording head of the data
server to be reduced, and therefore the efficiency of disk

25 access could be improved.



15 and continues the recording operation. The systemcontroller 201 stores
the title and recording area of the witten AV information. To read
information fromthe data server systens 20a and 20b, the AV 2&rbdthapp203
polls the system 20 controller 201 for the AV information to be read or
reproduced, and obtains fromthe system tontroller 201 the address
information for an anount of information that can be reproduced in a
predeterm ned period of time (which is 5 seconds in this exenplary

enbodi nent). The AV term nal 25 203 then sends a read command to the data
server systens 2 8 OCT 2002 14 20a and 20b, expands the conpressed read
information, and then outputs and/or presents the information to the user.
As during( Ehebediteenperlati on, the AV term nal 203 successively polls the
system controller 201 for the next 5 address information needed to continue

uni nterrupted reprofugti dnisla Hlodkd dieagraed shadnoexemipadly Aata
information is distributively stored to two data server systens in this

enbodi nengerviee dyisdeser weri csy dseim pl@an amd edlla ¢ haish4@doREERt @ dVice
parallel, increasing data throughput per unit time. As al so described

above, W hic@ otdiheadt« oaMaNGti reftrried t B laHamSR Ve f Shsé ey eddanand 20b
fromthe AV term nal 203, specifying the disk wite or read address. A

command rpeekrefoRY tAs dRlcwREINEFigYsSt eMhib d@itias sdasdr aps teamt el ow
Commands to a hard disk drive 32 typrcally include a default” setting

command, weink 1 FPEFEAAC Pgagi1CoMRRGn 03§t 9P Com@RdD 3di §iG AT fi¥e ffalkd i g
command, and so on. The wite command and the read command in particular

are furinow, dgseriniadt/Belpi 19/) 1 ie [BRTPY CETWGISEST R APs ot cati ng

a wite operation is to address 1hformation indicating a

Lo o B8 LI AdE dahopigs, 201 Sy MO g R, BloAl o0 o
reaqoCoMmRRd FPHP! $85 fotPde 6L A% Grd Lisk ErlveOPEDiB) 32.
The CPU 21 runs a program stored, for example,
in memory 22. The memory 22 temporarily stores both data
and programs (applications). The bus 23 carries
information between the various devices connected to each
156 other by way of the bus 23. The display 28 presents both
textual and graphic information to a wuser after the
information to be displayed is processed for display by the
VGA interface 24. A user enters information and commands
with the keyboard 29, mouse 30, or other data entry means.
20 The data entry means are connected to the bus 23 through
I/0 interface 25.
The hard disk drive 32 typically contains, as a
data recording medium, a hard disk or a disk-shaped

medium coated with a magnetically sensitive material for

25 recording information., The hard disk drive 32 is typically



read operation is to be perfornmed, address information indicating a

| ocation on disk, and the data size indicating the amount of infornmation to
be read. The data read fromdisk is then returned to the ternipalotfed®ng
the read 5 command. The sane unique identifier (tag) is appended both to
the read command and the data read in ﬂ@sponse to the read command. This
tag makes it possible to determ ne what data bel ongs to what read conmand
when a plurality of conmmands are received and processed. This nethod of 10
associating data with a command is commonly referred to as "conmand

queui ng" cornnesdgidngo beenbdis Bk hyewayr afisodinedecaleguintdo lber dpérating
envi ronnment using such a tagging nethod so that a plurality of conmands can
be conseswdlvedy aBsSed ! PraioroBL onteoher 685 PG) exehblearse rommeha
structure. In this exanple a unique identifier is assigned to each conmmand
accordi ngdmonelkdésabovehaonetwaggi 34 meahtdesodtivadria i tedlkbidcey ofrdomrands
can be issued before processing any single command is conpleted. As 20
shown in(NIL) . a unique identifier 101 is assigned to each comand. The
command i ncludes a code 102 identifying whether the conmand is a read or
writge command; an gedreesgall3 siendierats yerdrie 240 aHu §9cbeh prided, tieeread or
wite operation; and a data size 104 indicating 25 the anount of data

transfer sk vpyrkhencorreed. darti 38 arRd8the melWofhovdit g ddd a
corresponding to a read/wite conmand. The identifier 105 is assigned the

same val yreWdd Ry tcomhtuhdeatifd ewifiPldéoicébeexearnad, t@nthé hata
read/ wite data 106, that is, the data to be witten if the command is a

wite S uyrEad, szrstbfﬁﬁ* g a rapuraaditibd ESRAERD MO 22r eproGPaBERNdg | N
order to access the hard disk drive 32, the data sérver system 20 as shown

in Fig. Yegwenter ts!’l%rriﬁﬁoraf'%h!u‘?afﬁﬁatdﬁf‘; bheg dhal WiiPe 2cBeARS fHE1, ned

r
nunber of 10 areas. For sinplicity i foll ow ng description, as shown

O HaSERC nibesern! Aol $RE Q11 urRitAT St cbal AlEGs 3t S

divided into four sections, referred to bel'ow as section second

section g%%ﬁ Irfiirgdzszecttﬂ ¥e4o Prf'sl; haw tt*h@ecé&?@rs]gl“-i Qﬁ?@éﬂ% g mer ver

system 2 ecteives a conmman om an term a the network 31

, 1t det %%Qg%wggg sst%(ftaic?gé‘béad’reﬂs?s?ﬁgow éllégQ’se%qgesa[s_e&legyiéhqﬂgecei ved

comand, Qroups onmran ased on determ’n Section 4 43 or

cor Sépgﬂoﬁn eﬁ%“%‘ﬁggi ALY .3 480 Br 2 BB ARG RN AT IS e othe, ve
cxecut od U0 Ghp & ERbrn BPaLS * Helte P sTE BT D S RER R ¥, 788 cone
areps o ehanbng, Tess] Yo OISR RPYSTRAVE 19 By IR PECLINS 41-44

Fig. 2 shows an exemplary system in which the
data server system shown in Fig. 1 is used. As shown in
Fig. 2, data server systems 20a and 20b are connected to
network 31, to which a system controller 201 and AV

20 terminals 203 and 204 are also connected. The system
controller 201 manages information stored to data server
systems 20a and 20b. Using AV terminal 203 or 204, a
user records or reproduces audio and visual (AV)
information to and from the data server systems 20a and

25 20b.



17 2 8 OCT 2002 Fig. 5is a nenory map for nenory 22. Area 212 in nenory
space 211 is a working area for storing predeterm ned information required
for hard disk drive operations. 5 Areas 213-216 correspond to sections
41-44 on hard disk drive 32. Mre specifically, the area (f§ pat g@ up area)
213 stores a group of received command$3t hat access the first section 41 on
the hard (magnetic) disk 32a; the area (second group area) 214 stores a
group of received 10 conmands that access the second section 42; the area
(third group area) 215 stores a group of received commands that access the
third section 43; dmel téeoaded VT bufaehmagtoap, atha) AM6instarmeatiogr bsip of
recei ved conmmands that access the fourth section 44. 15 Each of areas
213-216 iispfuir tteer thieviANd iinpwt atetmdalalt yofof ASeghernmsn220-222, Recei ved
commands are stored in the sequence received to area 222. Area 222 thus
requi res exempd@,egnidva sbart oekdodimdydperahiare is perfoenmsdi mirheunber
of commands that can be stored to area 20 222, and each conmand is 12 bytes

| ong. Ar gV 208r siti na¢s2 8 3paibtiadn st @ d diiee s ofrafer masid hofo( aslr@asduat t he
| ast command witten to area 222. Area 221 stores a pointer to the storage

posig i on dfadiitessth#f ¢da bastrecorded ito adgba 288ribat syatemhecesygd. |f
the sanme pointers are stored in 25 area 220 and area 221 , all conmands

stored t@rpd e2322witRit 8chrd®8tdPmhae’] bpeni PHOGTSIGrh ! exgCihes. That
is, it is possible to determ ne whether all commuands stored to each of the
exemplary embodiment this period of time is 5 seconds.
The address information is obtained from the system
controller 201. The AV terminal 203 then compresses the

10 AV information, and sends the AV information with a write
command to the data server systems 20a and 20b. Before
completion of recording this 5 second equivalent amount of
data, the AV terminal 203 polls the system controller 201 to
obtain address information for the next 5 seconds of data,

15 and continues the recording operation. The system
controller 201 stores the title and recording area of the
written AV information.

To read information from the data server systems
20a and 20b, the AV terminal 203 polls the system

20 controller 201 for the AV information to be read or
reproduced, and obtains from the system controller 201 the
address information for an amount of information that can
be reproduced in a predetermined period of time (which is 5

seconds in this exemplary embodiment). The AV terminal

25 203 then sends a read command to the data server systems



areas 213 to 216 have been processed, or not. A wite data area 217 for
storing the information 5 (wite data) corresponding to a received wite
command is al so provided in nmenory space 211. Likew se, @3 %ata area
218 for storing the data (read data) read from hard di sk

response to a received read command is1#l so provided in rrermry Space 211.

In addition, the read 10 data area 218 is further divided into a plurality
of segments 224 to 227. Area 227 stores the read data in the sequence where
the data is read. Area 224 stores a pointer to the address of the last read
data. Area0a2mndo3ba paipardst dhes ¢che poelssss afeatie infadmiatian,n area
227 that was output or transferred last. Area 226 stores the tag

i nf or mat i@ndi nttlexdi oyt yisurahid/ g rofp tessnt ®atheofinfbirotatiemt e the
command with the data read out by the command. Area 226 thus requires a 2 x

n bytes spgee. whase dutinig theruwbite adp@Patiags, sthos edV ard neptdl t2Q03i s 2
bytes. Atag is assigned to each block of read data stored to area 227 such

that, forsgyaersivelihe gonst theo-dystemi daatidifier mto pnfdndiiat aextr ead
data 1 " the next 2-byte of tag information indicates "read data 2," the

nexts52- by gdire@discatipgor fpglt idd @ Peedtd St 25 dOAtIMGE r@ﬁdn@'éﬁ'ﬁubtehf one
read data block is, for exanple, 2 a ocr zoo2 19 64 KB (e.g., read data 1

is 64 KB H@ﬂ%du@t?@n?ﬂ requires 64 x n KB.

It should be noted that one unit of AV information
is distributively stored to two data server systems in this
embodiment. The data server systems 20a and 20b thus

10 operate in parallel, increasing data throughput per unit time.
As also described above, write or read command is sent to
the data server systems 20a and 20b from the AV terminal
203, specifying the disk write or read address.

A command received by the data server system

15 20 is described next below. Commands to a hard disk drive
32 typically include a default setting command, write
command, read command, setup command, disk error
handling command, and so on. The write command and the
read command in particular are further described below.

20 A write command comprises a code indicating a
write operation is to be performed, address information
indicating a location on disk, and the data size indicating
the amount of information to be written. The data to be
written then follows the write command.

25 A read command comprises a code indicating a



When a conmand is received froman AV term nal connected to the network 31,
the data server systemgroups 5 the received conmands according to the area
of hard disk drive 32 accessed by each command as descri be bove,

andt enporarilystores the commandsto a particular area inth 4EWy&BZas al so
not ed above. At a predeterninedti me("cor@nd execution time"), conmands
stored tol0 nenory 22 arerun in batches of commands all addressi ngt hesane
areaon hard disk drive32. By thus batch executing commands accessing the
same di sk area, the distance the head travels over the hard disk drive 32
can be redkigdd.opBreEtppn6 ishoes blee pegfience dn widdie s ecénfedncativands are
run by a data server system 20 of the present invention. The received
conmmands areicdiiwg ian IKicatioh vier diske andmdhds data i siti e airedi estiogmand 1
a, 4a) 1 b, 4b, 1 c, and so forth. Note that the nunber of each 20 command
shown her¢héndntauad dheirstoormagei srecto ome(feast. t 3 Heoud haseshidofisd m
accessed by the command, and the following letter indicates the sequence in
whi ch t hedtsokmigd than a rpaurhewd ato artea vx@érmengilvez;bnamgefnf@, reerd
exanple, conmmand "1 a" is the first comuand received for 25 accessing the
firsg sectopiimilnd. andHé stenied Uurmidle idéntifleeT (2902 29 appenaeyli ng
group area in the nenory. When commands are received I'n the sequence shown

in Fig. 6hothhey & 1da8SEbhhf AT 04 Aidnehbodiahe $8Gld FASrddpbh$é dde hard
di sk 32a accessed by each 5 command, and are stored to the correspondi ng

areas 21326 fdablihgoemyNd22 T(Re thigIf aResOh) pold@iblieStoCABTBRATINe @ 1
b, 1 c... are sequentially stored tothe first group area 213, and commands

4a, 4b, Agrpae SREMISHbIShIgs T0MWPHatoréhe icithidla AlOWPh 8HES fﬁl@rami‘?f eafter
at each 10 conmand execution tinme, one of areas 213-216 in the menory 22 is

sel ect ed. o860 fl h g o8 ECFoRRTVRYIS FUpPILR A, SRR AT KE

execut ed . . Various ne n be used for selecting .
the 1ot Bameanatlr Bals TRl L ean B, he R il &L ouls
whi ch cor 8spaeatt €88 FTBNE 0g BT oREnsTdic TP R i ot B AT ESE MY ng
Fro 6. RO BPSIbPERESFeahITRR: b ohetalP iyl AR 5 TRl 38 cn
are run. P R R MRt o g hH8T. 2 808 i o TR IS ERc BB e
have beenc%%?%ggﬁvelyissued.
15 Fig. 3A is a map of an exemplary command
structure. In this example a unique identifier is assigned to
each command according to the above-noted tagging
method so that a plurality of commands can be issued
before processing any single command is completed. As
20 shown in Fig. 3A, a unique identifier 101 is assigned to
each command. The command includes a code 102
identifying whether the command is a read or write
command; an address 103 indicating the starting point for

the read or write operation; and a data size 104 indicating

25 the amount of data transferred by the command. Fig. 3B



25 but not executed at a particular conmand execution tine 280CT 21 are
processed. This reduces head travel involved for read comrands, and thereby
i ncreases data throughput. The operation of a data serverz?yﬁtem accordi ng
to this preferred enbodi nent is described next below with Ef Mce to
the acconpanying flow charts. Fig. 7 isl@ flow chart of the main process of
the data server system This nain process can be achieved by the CPU 21 of
the data server systenlis running a specific application program As shown
in Fig. 7, the data server system 20 repeatedly 10 perforns a comrmand

recei vi ngspooeces$heSid afaa comespio pdéngt itan ar seesdt/ WEH2E, @mohm amsdd- out
data out put process (S3). The command receiving process S1 groups the

recei ved Toremadeésntbfieed16® tibeadissg neat tthen sanes vaduley wirittde toohends,
and then stores the commands as descri bed above. The conmand execution
process (&Pgntifisr a 01 clomibhes cacoassndg 4 hd Saeeraka dkwséd idetd M6 have
still not been run at a particular conmand execution tine. The 20 read-out

data out pthaprisethd SBatautpube owrittemsfi€ér sheheodabaneadsi i rgsaense to

a particular read command to the termnal from which the command was

recepved. cbimstntid or the data returned in response to a read
command.

In order to access the hard disk drive 32, the
data server system 20 as shown in Fig. 1 segments the
recordable area of the disk into a predetermined number of

10 areas. For simplicity in the following description, as shown
in Fig. 4, the recording area of disk 32a of the hard disk
drive 32 is divided into four sections, referred to below as
first section 41, second section 42, third section 43, and
fourth section 44. When the data server system 20

15 receives a command from an AV terminal 203 via the
network 31, it determines which section 41, 42, 43 or 44 is
accessed by the received command, groups the commands
based on the determined section 41, 42, 43 or 44 for the
command, and then stores the received command to

20 corresponding specific areas in memory 22 according to the
section to be accessed. Commands stored by recording
section group to memory 22 are then executed by group
(memory area). For this purpose, the memory 22 has some

areas for storing received commands corresponding to the

25 sections 41-44 on the hard disk.



be noted that this main process can be term nated by applying a specific
interrupt signal. These processes are 25 described in further detail bel ow
2 8 oCr 202 22 Fig. 8 is a flow chart of the command receivin rocess (S1
)-. This process starts by determ ning whether there are 3219 Urcgcgﬂﬂz'ed
commands (S11). Wen not, the conmand féceiving process terninates. \Wen
there are, 5 the address information is obtained fromthe received conmand
(S12). The disk section 41, 42, 43 or 44 accessed by the received conmmand
is then determ ned based on this address information, and the command is
then stored to the Fgigoup &8 ea MReBopy4m S oor npdddily &i2 r edpeai2g2t o t he
accessed disk section 41 , 42, 43 or 44. Concretely, after reading the
addr ess iinf omeatioTy, tsipeaclat a24drvés szast morXindet @re@anefowshesheorirpg not

t he accessed address is belong to the first disk section 41 (S1 3). Wen
the addr gredetédahined oinfer mizthosecteéquiddd, fidr t hearrceceligkd dewand is
stored to first group area 213 of nmenory 22, that is, area of nenory 22
corresporp@gatiorfd rst disk section 41 (S17). The first group area 213 can
store a plurality of conmands as described above. In the case that the

receg ved command i $\pedsi el IOMTBNGoMdSPoRA dat xdStidlrsd 48cqgiqvegh In
this case the wite data is stored to wite data area 217 in nenory 22

toget her Hafid diftk eTVRN@ 2 agMdréi §pedifidiIlys themEar s efdryuphe
received command is stored. This first tinmer is used for nmeasuring "a

]Pir?gteszi ;gli}l%é,e)cgﬁ"%ld’f%é fa? rﬁsrtdlﬁ‘ﬁ BEMek fv & conmiiah d §& ARk 8sCessi ng
the first section 41 on the hard (magnetic) disk 32a; the
area (second group area) 214 stores a group of received

10 commands that access the second section 42; the area
(third group area) 215 stores a group of received commands
that access the third section 43; and the area (fourth group
area) 216 stores a group of received commands that access
the fourth section 44.

15 Each of areas 213-216 is further divided into a
plurality of segments 220-222. Received commands are
stored in the sequence received to area 222. Area 222 thus
requires an area equivalent to 12 x n bytes where n is the
maximum number of commands that can be stored to area

20 222, and each command is 12 bytes long. Area 220 stores
a pointer to the storage position (address) of the last
command written to area 222. Area 221 stores a pointer to
the storage position (address) of the last command in area

222 that was processed. |If the same pointers are stored in

25 area 220 and area 221, all commands stored to area 222



2 328 p~T 2~2 stored until the commands are executed. Note that this
first timer operates continuously once it is started until at |east one of
t he unprocessed commands for accessing first disk section 41 is run, that
i.s, the timer is not reset every 5 tine a comand accessi ni 8i0C3t 2009 sk
section 41 is stored. Wen the address 1& not belong to the first disk
section 41 , the data server system 20 determ nes whet her the received
command accesses the second disk section 42 (S14). Wen it does, the
received command is stored to 10 second group area 214, that is, the area
i n menor yh 22 ec bierers pomui¢ e g stea e @nce clu b&dseckhah 42 (tSis8)possib ke second
timer is started. This second tiner operates in the sanme manner as the
above- not@dtérminet i wivgthémat ailk, ciotm pyeen disess tmmrg d ndousé g concefi tt hies
started until at |east one of 15 the unprocessed commands for accessing
second digkeascRn@ntd2216 have theéni protlesdederond wotot reset every tine a
further command accessi ng second di sk section 42 is stored. Wen the

recei ved command doAswrdte agaeasarba 2 1BtfandteataadtHieskns6emiationi t is
det er m ned whet her the 20 recei ved conmand accesses the third di sk section

43 (815) .(write data) corresponding to a received write command is
also provided in memory space 211. Likewise, a read data

area 218 for storing the data (read data) read from hard

disk drive 32 in response to a received read command is

also provided in memory space 211. |In addition, the read
10 data area 218 is further divided into a plurality of segments
224 to 227.

Area 227 stores the read data in the sequence
where the data is read. Area 224 stores a pointer to the
address of the last read data. Area 225 stores a pointer to

15 the address of the read data in area 227 that was output or
transferred last. Area 226 stores the tag information
including a plurality of tags, each of which relates the
command with the data read out by the command. Area 226
thus requires a 2 x n bytes space where n is the number of

20 tags stored, and each tag is 2 bytes. A tag is assigned to
each block of read data stored to area 227 such that, for
example, the first two-byte of tag information indicates
"read data 1," the next 2-byte of tag information indicates
"read data 2," the next 2-byte indicates read data 3, and so

25 forth to read data n. If one read data block is, for example,



When it does, the received command is stored to third group area 215 of
menory 22, which corresponds to the third disk section 43 (S19), and a
third tinmer is started. This third tiner also operates in té’l@\@g nner
as the 25 first and second tiners. 24 Z80CT~ When the recel nd
does not access the first, second, and t%ird disk sections, it is

determ ned whet her the received conmand accesses the fourth di sk section 44
(S16). When it does, the received command is 5 stored to fourth group area
216 of nmenory 22, which corresponds to the fourth disk section 44 (S20),
and a fouBdhKB nfee.g.s seadt edtarti dsf 6ur tHiBt ilomg)al ape ap23 ee quirnde sane
manner as the above nentioned tiners. Wien the address is not belong to any
of these 6@ fiskK8ections 41-44) it is stored to a different area in the
menory 22 (S21 ) and run. These commands are neither read nor wite

comrands, and are p¥ghessadcwirhm®nidois tnec&ivedFriamaahl W dearhiwal t he
command execution process (S2). 15 First, it is determ ned whether there is

a commandcbarEc g @cesihe wdthvork @11 theSHata stharet Reistdm, gk be prmand
i s processed (S40), and then the conmand execution process ends. en there

irzagﬁgst Pﬁ;egt)@emgﬁxe@omﬂmahtdé sa@fofldiggntoetheharBey of BNGESSidH e
drive 32 accessed by each command as described above,
and temporarily stores the commands to a particular area in
the memory 22 as also noted above. At a predetermined
time ("command execution time"), commands stored to

10 memory 22 are run in batches of commands all addressing
the same area on hard disk drive 32. By thus batch
executing commands accessing the same disk area, the
distance the head travels over the hard disk drive 32 can
be reduced.

16 Fig. 6 shows the sequence in which received
commands are run by a data server system 20 of the
present invention. The received commands are shown in
Fig. 6A where the commands are indicated as command 1a,
4a, 1b, 4b, 1c, and so forth. Note that the number of each

20 command shown here indicates the storage section (first to
fourth sections) accessed by the command, and the
following letter indicates the sequence in which the
command for a particular area was received. Therefore, for

example, command "1a" is the first command received for

25 accessing the first section 41, and is stored to the



execution tinme (S32). The command execution tinme is obtained fromthe
predeterm ned reference tinme. Wien the process tine does not reach the
command execution tine, the command execution process (S2) eh@ACTVBSA t he
25 process tinme reaches the conmand execution tinme, the next 28ocr 2p~ 25
command execution tine is set (S33). ThRE@ next command execution time is
obt ai ned by addi ng the command execution period to the present conmand
execution tine. This conmand execution period (tine interval) is 5

descri bed further below The command execution period is limted by the
processi ngocapapiarydoigtreodpt arsar iert sy gnem oTie processing capacity of
the data server system depends, for exanple, on the data conpression nethod
used. By using a coMihed exeoumiamdperama, rebiesvea ainlOtlser \saq g gsicanm
according to this preferred enbodi nent produces a del ay between comand
recei pt asthoamacutn oRigTherfef otiee yt hereorsiand i bt ubicwb M Pdtbs the
preferably set as long as this delay allows, and can be determ ned by the

fol I owi ngsewtabhen, 4 f os4exahptice Ibar@mERk e3eut heserasd@d by (@ldgiabl e
del ay command processing tine) | nunber of disk sections (1 ) where the

al | o@abl ecdghayahd, t Ae drexd enugn ied @yt detiveed ohes pd rdIAgNdré & s’ eceaved and
when it is processed; the command processing tinme is the tinme required

bet ween 20 #henna fgad aramRY | 23entsad@d phgs. t lec eyl dat 3H$t oysput .
For exanple, if a delay of up to 1 sec (second) is allowed before command
processi ngothha haer 1H sk ectd ONsare sequentially stored to the first
group area 213, and commands 4a, 4b, 4c are sequentially
stored to the fourth group area 216. Thereafter at each
10 command execution time, one of areas 213-216 in the
memory 22 is selected, and all unexecuted commands
stored to the selected area are executed (see Fig. 6B).
Various methods can be used for selecting the
group area from which to read the commands to run. For
156 example, the area with the most commands waiting to be
executed could be selected; the areas could be selected in
a predetermined sequence; or the area could be selected,
which correspondes to the disk section outside of the disk
section having commands being processed immediately
20 before. In the example shown in Fig. 6, the group area
containing the most unprocessed commands at each
command execution time T1, T2, and so forth is selected
and the commands are run. In this way, all commands

accessing a particular disk section that have been received

25 but not executed at a particular command execution time



the command execution period is approxi mately 250 nsec. After step S33) it
is determ ned whether there are 25 unprocessed conmands that have been

wai ting for nore 2 8 OCT 2002 26 than a predeterm ned period (S34). This
is determ ned by determ ning whether the process delay ti geRgu by the
first to fourth timers exceeds this speific period. Wien there are
unprocessed commands that have 5 been waiting for |longer than this

predet erm ned period, the group area storing those .unprocessed commands is
sel ected as the "execution area” (S41 ). The timer for the sel ected group
area i s taea ptoppsesd d42) hisndechnoesdb ead ttra sel énvedvexkdotri peaar ea are
processed (S39). This 10 prevents command processi ng from bei ng del ayed

| onger t heomempredie} ermd ndvk pet i oich exfd @8 eishd atantlnduigh petei ved. Wen
there not any commands that have not been processed for nore than the

specific period, eaTh eOfopbéeagrdwmﬁraeacsaﬂé%éwélﬁsylstéWﬂDé)thﬁdiﬁgSheCked
for any 15 unprocessed commands (S35). Wen there are no unprocesse

commands, td hhieoprafe resec Wmdd dimeeds i S2devdsibWemé Rerefd & Witk group
area containing the nost unprocessed commands is determ ned (S36), and then

it ig detedfdmascehes heve téf@é@rrgssntyw@\ﬁondwr@h@rr@yp Figas72(s @ gwni ng
t he nost unprocessed conmands (S37). en there is only one nenory

Corie oy SETE SEINTRNT BLosgssr e <omTEIseIvEl Sy TtEN R4
area W t hyyffYinS process can be achieved by the CPU 21 of the data
server system’s running a specific application program. As
shown in Fig. 7, the data server system 20 repeatedly
10 performs a command receiving process (S1), a command
execution process (S2), and a read-out data output process
(S83).

The command receiving process S1 groups the

received commands based on the disk section accessed by
15 the commands, and then stores the commands as described
above.

The command execution process (S2) runs all
commands accessing the same disk section that have still
not been run at a particular command execution time. The

20 read-out data output process (S3) outputs or transfers the
data read in response to a particular read command to the
terminal from which the command was received. It should
be noted that this main process can be terminated by

applying a specific interrupt signal. These processes are

25 described in further detail below.



25 nost nunber of unprocessed comrands, out of those areas 2 8 CCT ~p2 27
the disk section that is closest in distance on the hard disk drive 32 to
the | ast-processed disk section is selected as the execution_ area (S43). As
a result, the group area storing the nost unprocessed command8 00F g@pect ed
as the 5 execution area at a particul ar22onmand execution tine. Once the
execution area has been selected, the commands stored therein are executed
(S39). In the execution of the wite command, the wite data stored to the
wite data area 217 is witten to the hard disk drive 32. 10 In the
execution of the reBidgcoBnbnda fllewdehantead themcoemdndnsk rérdevievidd) i s
stored to the read data area 218 of nenory 22, and a tag relating the read
data wit hprbeerssad SHhmarkhispestessg tshartslabg ide tagsn pniery avwdh estinseor
stored. The conmand execution process of this preferred 15 enbodi nent thus
processestetd prieoramy reesdveamaodsmaimded (IS 1 e gvhienarrest ofthrenory
22 storing the nost unprocessed conmands at any particul ar conmand

execut i onchina e rpicede$a gdel rayc é § §€ tesmaingt 8 .MUl WANGAUShY: reougied by
the tinmer so that command 20 processing is not del ayed nore than a

predst er nimed 4Hdaeeadlst efnfdemeidBnd g s otteineadl. fFonshanled becrated t hat
whil e an execution area is designated at each conmand execution tine and

the comagdsn gl gd ﬂtsmzi)at ITHY aiek akedtheh paqcessed, 44 igr 44
alternatively possible to 25 sequentially select group areas w thout

waiting fgecdssdds 8¥8tﬂ%T 2@@%ipé@deéswﬁn@%cq@mmegxe&éié%iﬁ%rd od to

el apse. In this case the next group area is selected and conmands stored

therein ab%SsFHFc:P; 5 6th 1€ d R @SS SIYD IGRETRSNS LA PNEL 8" YmP A d Sis

conpl et ed. 10 shows one exanple of group area selection and command

br ocessi g B MERRFe 8l f 3ha SEIKEI, SKTLA dersTi bady aboye; A shaun in

the figure, conmands in the grolp area contalning he.hnst unprocessed
comends 1718 RETARe N FRET AR RTEREL Y PSR TR U0 aZ 48 Bl s o
ot edet er m ned pr oce s> NEr BYERFE T FURRTHG R PRL TRt YNy gar
det or m i HoCuRe ot heel PUsIRTH GaPL U FHBTL S Wb o LHEF B ER Pl ea”
When' ther 84S TRE @RArPast dgodie Banbodl 1 20 Ao X s alt & na out put
Syst om actdralhg YEFeRe R SR 6t 2 RIEES bl MoV Sk SHAER & T mpr ove
2t g N OYRLPHL 21 65 H oMY 15! 9ibRE R 1B YA ot ol CEPEE"SS 275k
memory 22, that is, area of memory 22 corresponding to
first disk section 41 (S17). The first group area 213 can
store a plurality of commands as described above. In the
case that the received command is a write command, write
20 data is also received. In this case the write data is stored
to write data area 217 in memory 22 together with the
command tag. A first timer is then started after the
received command is stored. This first timer is used for

measuring "a process delay time", that is, the period from

25 when the command accessing first disk section 41 is first



25 processing the commands based on the conveni ence of the 2 8 OCT 2002
29 magnetic head position. The data server system according to the present

i nvention, however, segnents the storage area of the storage nmedium (a hard
di sk or magnetic disk in this exenplary enbodinent) into a plurality of
sections, 5 groups the plurality of re@& ved comands accorgwnqorqn%he di sk
section accessed by the command, and consecutively processes comands
associated with a particular disk section at predetermned tinme intervals.
The read/wite head to the storage nmediumthus travels |ess conpared with
10 the costomddneriod thee aocomeamd soale dexeacsdenkr shsitemthantd tdweitsa

t hr oughput can be inproved accordingly. (Enbodi nent 2) The command

execut i orfipsbctéaser ropoeateésstotdirabaiyetndsert Fsgst8ytesel aattsl tdte group
area containing the nost unprocessed comrands at a particul ar command

executi onda g ciset BE @ owhppd caszved ThentREITRAE EEXECAE LR SPheCEmstof this
second enbodi nent, however, processes commands fromthe first to fourth

group are@fsh ns@6tigrid € rEquaNt itAlatorglenthet R drsist holt r&seYPedety.
second group area, third group area, fourth group area, then first group

5T ARSIy Rseing (Y iy b ew Sgacn proces:

When the address is not belong to the first disk

section 41, the data server system 20 determines whether

the received command accesses the second disk section 42
(S14). When it does, the received command is stored to

10 second group area 214, that is, the area in memory 22
corresponding to second disk section 42 (S18), and a
second timer is started. This second timer operates in the

same manner as the above-noted first timer, that is, it
operates continuously once it is started until at least one of

15 the unprocessed commands for accessing second disk
section 42 is run, that is, the timer is not reset every time a
further command accessing second disk section 42 is stored.
When the received command does not access the

first and second disk section, it is determined whether the

20 received command accesses the third disk section 43 (S15).
When it does, the received command is stored to third
group area 215 of memory 22, which corresponds to the

third disk section 43 (S19), and a third timer is started.

This third timer also operates in the same manner as the

25 first and second timers.



25 it is first determ ned whether there is a command to be 30280CT
20p2 processed with priority (S61 ). Wien there is, the conmand is
processed (S69), and the conmand execution process ends. Wen there i s not
a priority command to process 5 it is determ ned whether t_Qg ggﬁ s tinme
reaches a conmand execution tine (S62)24wWhen the process tine not
reach the conmand execution tine, the process ends. Wen the process tine
reaches the command execution tinme, the next conmand execution tinme is set
10 (S63). A value indicative of the previous execution area is then stored
as a current area dMimemrtH{ &6 ceivadxtoar mmndudbers irsot lrscess blyeaddi ng
1 to the current area counter (S65). Note that when the value for the next

area courfiest, 15s exoeatls dhe htlgitest déskntsectiane, (# i detier mimddr of
sections on the disk, in the exanple shown in Fig. 3), the next area

count er iheehelr tthel. réteiigedhedio gahernd net odes ber thld 6 rHh 2H¢8R
213-216 are checked (S66). Wen conmands in all group areas 213-216 have

been cheakeslio 44i 6See)rand/@sacit i dhe Bl 0gesSr 68esveW @b Matanid isS
determ ned whet her there are any unprocessed conmands in the area specified

by tdhe nextlor@d®atsous @ftH Sé%uﬁ/\h%rieteﬁeQﬂ & ® fNIomERbgessed GoRBRAS,
control |oops back to step S65 and the next area counter is increnented as

25 above.g BHRAGS 2(& VAR FeAPaR] GPeRBRE: 1Bt h@4ar(fseszo%,2 &nQfra~o~ 31
specified by the next area counter, commands In the area arée executed

(S68), and Jri@n 1f e hiscerarfds. TRidRsyHIP Hilér 5§[ﬁ’c§éo?§$tfaﬁlﬁ‘ssagﬁordi ng

to the first enbodi nent, e data server system accor

DarieLo SR aRTUCSS 8, B Moptiafdd yflyeTEsr 20 i the
throughput. When the address is not belong to any of these

10 disk sections 41-44, it is stored to a different area in the
memory 22 (S21) and run. These commands are neither
read nor write commands, and are processed with priority.

Fig. 9 is a flow chart of the command execution
process (S2).

15 First, it is determined whether there is a
command to be processed with priority (S31). When there
is, the command is processed (S40), and then the command
execution process ends.

When there is not the priority command, it is

20 determined whether a process time reaches the command
execution time (S32). The command execution time is
obtained from the predetermined reference time. When the
process time does not reach the command execution time,
the command execution process (S2) ends. When the

25 process time reaches the command execution time, the next



It should be noted that if the nunber of commands grouped in a particul ar
group area exceeds the 10 nunber of conmands that can be processed within a
si ngl e command execution period, remaining conmands in that sane group area
can be prioritized for processing in the next command execytion period. As
aresult, AVinformation that is stored continuously to a g§r9¢EdMEr di sk
15 section and is frequently accessed cagnsbe read and reproduced w t hout
interruption by prioritizing reading fromthat disk section. (Enbodi nent 3)
20 A data server systemaccording to this preferred enbodi nent groups

recei ved conmands according to the section of the hard disk drive accessed

by the congamim & 8r exed1etioPMMRMEs k0 sERNMPBB PP DY HigMFaet I Oiin aditd

processes comrands stored to the same area in nenory 22 25 at each command

executi on phERdf1b® Valimdhi s | obbhgjsaqe .bﬁ a4 irtmlagggp& %o iin hipgy above

first and second enbodi nents of the i1 nventi 'y, however, a

data servebxBXAIGBTOR drtbl BINPYe Ui ABAY eXTBGH o

It}
. me”. .
recei ved 5 next based on the contiguity of sequential access aédresses in

the case that: a pl ug—:ﬂﬂst _O%Fggﬂaegtg%ﬁyg#pbari?gg}y&@dﬁqm@qqﬁquagp]g@mnber

commands; the commands i ndicate sequen Ss addresses; an

of regei vea.e%hm%%s.fﬁgfgeggmggsedm@e.dwménq _J%SBW%FEQ% (an be

processed wthin a sin execution period e predic commands

o e PR AR et b S S HIP Y ST g Th S e 1

particularly effecti've processed is i Nt ormati on,

AR 1L N T R A i p R N ST
the time Carésbuenﬁgsl?yf‘é’?Stee)gaH‘valeen,enéncqrr]\ebedra?guccegmpression method
used. By using a command execution period, this data

10 server system according to this preferred embodiment
produces a delay between command receipt and execution.
Therefore, the command execution period is preferably set
as long as this delay allows, and can be determined by the
following equation, for example;

15 command execution period = (allowable delay -
command processing time) / number of disk sections (1)
where the allowable delay is the maximum delay between
when a command is received and when it is processed; the
command processing time is the time required between

20 when a read command is sent and when the read data is
output. For example, if a delay of up to 1 sec (second) is
allowed before command processing with four disk sections,
the command execution period is approximately 250 msec.

After step S33, it is determined whether there are

25 unprocessed commands that have been waiting for more



The follow ng description will be done in the case 20 that up to five
commands can be processed within a single conmand execution period, and

t hese conmands are received in the sequence 1 a, 4a, 1 b, 4b ..., as shown
in Fig. 13A. In addition, these commands access sequenti al2 &dk&ﬂ'emps) i.e.,
i ndi cate sequential access. As descri b@® 25 above, the received commands
are grouped by the disk 3 32 8 OCT 2~2 section accessed, and stored by
the command group to a specific area in the nmenory 22. At the comand
execution tinme T1l', commands 1 a, 1 b and 1 c¢c are stored to the first group
area 213 thanhe prededeyn2d)edngediedt K834 or e Tiriscéssde.teBaviansd by to
five commands can be processed in a single command execution peri od,
however, deteaminifigravhethrecthe rorecessmaialay ntinhé s nperisad.e dhbynext
two conmands to be processed are therefore predicted and processed. 10 Mre
speci fi calHey fircsotmanitsu dt ba ti th ey sanc cle ed actieiss spatidic ipé riattlr esses, and it
is logical to predict that commands 1 d and 1 a are to follow the command 1

c. As a result, prediivéadticerseads dnpraree sls @dace pmepsdseth 40/ gveeng the
three actually received commands 1 a, 1 b and 15 1 c. The data read based

on agpredssbad wATABAf 6P IRrPGeH fPan BPeciPied &{eamiReldd o™ YtRé and
is output to the external device or the computer that sent the data request

when the ¢pauBNd drd£hi 8o iy Pr &dlbeked FOpFeBBRIYLHS BelniAld Ndisecqisved.
When a command matching the predicted command is not received within a

predet er g gpslc el 89 oh et "Be d A ofptar d #ad § 81 )t heTpreedi Gieqd feempRRd i S
abandoned. At tinme T2' in Fig. 13) the comrands ‘stored for 25 fourth group

area 216 @é?eé’f@&e?ggl;% 'edgéé‘ifs GREh HYSYed (Sﬁzg, %@dZQB%nﬁfaﬁH%re are

five commands 4a-4 for the fourth group are Thi s equals the

Tax] UM TR Ko GRETERIE «RA 67 e PTEFESERICUIINA Psgiayd! ereAETaNd

execution peri o ere |I's no renal Nl nNg processi ng capac 1'n t

comggnd eﬁ(regygingg Q%H?ﬁ]an%f‘dgfc?m%qn%eﬁio L%@@gthe‘eﬁs&% F%@%E?d' n

ot her wor'ds, ata server system according preferred e I ment
detects "W%Reé EF@HS%?mined period after the command is received.

When there not any commands that have not been
processed for more than the specific period, each of the
group areas 213 to 216 in memory 22 is checked for any

15 unprocessed commands (S395). When there are no
unprocessed commands, the command execution process
S2 ends. When there are, the group area containing the
most unprocessed commands is determined (S36), and then
it is determined whether there are two or more group areas

20 containing the most unprocessed commands (S37). When
there is only one memory containing the most number of
unprocessed commands, this group area is selected as the
execution area (S38).

When there is more than one group area with this

25 most number of unprocessed commands, out of those areas



access continues for a predeterm ned period, or nore 10 specifically
detects whether the information specified by a plurality of comrands
resides at sequential addresses on the disk. Wen sequentlal access is thus
detected to continue, the data is confirmed to be sequenti &8 BeEepp data.
The command accessing the next data bl @&k stored 15 contiguously to the end
of the last sequentially accessed block is then predicted, and the

predi cted command is processed. This is possible because the data is
accessed sequentially. The data read sequentially by the predicted command
is then stthoe adiistlo seetioenmbhyat2ls cdiod e st pasdesitamc@0onhéheehaast idigk

term nal when the matching conmand is actually received. By thus performng
a task bedpne sB2ubd| Vheetassiprh cesgeahtdiak ysactiesseis do¢ be cad bas
processed and transmitted with greater effective throughput. This is 25

particul atHey adettigeouareben $484l i nAAVa nfeosolt,i dhe gPo8pOCdred02 35
That is, by continuing to read AV information continuously and w t hout

lnterrur)tsmmf%ad\drmmelt betpreare ssedssomaksndanibes epgoeed, agndhdat a
t hroughput can be increased. Figs. 14 and 15 show a nmenory map for nenory 5

22 1§ a dgkdcifiyAr apst am aqsardcndatocs himar¢fexeedtramody@nt . As shown
in these figures, nenory space 211' is substantially identical to the

menory space 211 shoMteé NtiréJe xac@ddint i194 | HagoHY é Al @%Ié%téroeatﬁ%o for
storing predicted conmands, and an area 231 for storing 10 data 'read

?ﬁ(r:ﬂ]glr NGe b fldfh @5 el & @k camErls  Ehe PeRdicatery CQuRYH areg 23f ¢ S

execution of the write command, the write data stored to

the write data area 217 is written to the hard disk drive 32.

10 in the execution of the read command, the data read from

hard disk drive 32 is stored to the read data area 218 of

memory 22, and a tag relating the read data with the read
command requesting that data is assigned and also stored.

The command execution process of this preferred

15 embodiment thus processes with priority those commands

stored in the group area of memory 22 storing the most

unprocessed commands at any particular command

execution time. The process delay time is also

simultaneously counted by the timer so that command

20 processing is not delayed more than a predetermined time

after the command is received. It should be noted that

while an execution area is designated at each command

execution time and the commands stored to that group area

are then processed, it is alternatively possible to

25 sequentially select group areas without waiting for a



segnented into a plurality of areas 233-235. The area 235 stores the

predi cted commands. The area 233 stores a pointer to the address of the

| ast command witten to the 15 predicted command area 235. The area 234
stores a pointer to the address of the command processed last in the

predi cted command area 235. It is theré2®re possible to defdr BChelgghet her a
particul ar conmand has been processed by referencing these pointers. 20 As
shown in Fig. 15, the predictive read data area 231 is further segnented
into a plurality of areas 231 a, 231 b and so on. Each area corresponds to
a single predietieath avedaodmintand egeesgdon perpodviciee lapseea |R3this 231
b,... inthe predictive read data area 231 for 25 storing data for each of

the predi gbed tammaTSkEt hpcaupeared Bs a681€0@&d 38ndl corhmgad Jaita riay t he

predi ction may not be output. It is therefore not possible to uniformy

nmanage pregbeéiveafat praddstednWhidn i sroeeesiflgy d Ommaraes dah aop put
separately for each predicted command. 5 Each of the plural areas 231 a,

231 b, ... gkaupiidrie] iSc8BRpRSkdpto a plurality of areas 237-241. The area
241 is for storing the data read based on a predicted command. The area 237

storgs a pointer togfige agdresh st h%rp@taeggﬁqiw@sto'f nhéeleéggns%rte a

predi cted 10 command. "The area 238 stores a pointer to t address of the

e R A T e A
predictedsdatdr HIRIRA" Hd98riHed WA ST VA's SYRLWA 2fAFOHESigure,
commands in the group area containing the most
unprocessed commands are processed at each command
10 execution time. At time T5, commands 4a to 4d for the
fourth disk section 44 are processed. This is to ensure that
the delay to processing command 4a does not exceed the
predetermined process delay time.
Fig. 11 is a flow chart of the read data output
15 process (S3) in this exemplary embodiment.

This process starts by determining whether there
is any data read due to a read command stored in the read
data area 218 of memory 22 (S51). When not, this process
ends. When there is, the data is tagged as described

20 above, and is then output to the requesting terminal (S52).
The process then ends.

A data server system according to the related art

as described above attempts to improve data throughput by

receiving and storing a plurality of commands and

25 processing the commands based on the convenience of the



15 to this preferred enbodi nent is described. Note that the main | oop
routine of this preferred enbodinent is the sanme as that shown in Fig. 7.
The individual routines within this main | oop are therefore descri bed
below. Fig. 16 is a flow chart of the command receiving 20 propgegg?i n the
data server systemaccording to this pr%$erred enbodi nent. This comrmand
recei ving process differs fromthat in Fig. 8 in that additional steps S1 1
a and S11 b are inserted between steps S11 and S12 in Fig. 8. Mire
specifically, after detecting a received conmand in 25 step S11, it is

det er m nethagpehiee headr positiaan cohheddata sesyer26ystemnaccwdiag

predi cted command (Slla). Wen it does, the predictive coonmand flag is
turned offo(fhel pnesantl imeemtoensshawlevenhes egw arelsei treel sdbomage does
not match a predicted conmand, the process advances to step S12. 5 Al

ot her stepsear efstdne storagenmiediking. (8. hahd doskemd maganeficndjps kciass
according to this preferred enbodi nent is described next. This conmand
execut i ontiprocexemplanpsteambicdingeindgntintal & opibealishowf iseEtions$,
differing in the nmethod perforned as step S39 to 10 process commands in the
execst i ongabeps Thies preiradityolofpreees s ey coanmads saesd 6l dih ¢ ot d tihse
preferred enbodi nent is described further below with reference to Fig. 1 7.

First, itdiskdee@tibnedcds et w3patid Yebmharfyaidnll e ds §EQERSSIy
addi tional commands (S91 ). That is, the nunber of commands that can be

pr ocessedp%bfésrs@_s sig@hfmeda8nth exeeiated Peitied 4 s gletieet aed dis@dvance
based on the capacity of the disk drive, and when the nunber of commands

stored i nglehqj@hOWR a5 Lad8eberiivrk ds tidf el Nig RrGEI. ON PRRA [Sa i pRFitdran
this nunber of processable commands, the capacity is decided to be

avai | abl e Mien of PREEstSrH8E FPOAFRY tAYA kPR8I s RS PIRFRGH R QAVRIEeS to
step S95. Wien there is capacity available, it is decided whether the
comypnd t o, Be g tPHPCRISEIoHSFor " §28 oFVERNG AP at 488l bri Sy sitbrh S

and data throughput can be improved accordingly.

(Embodiment 2)
The command execution process in the first
16 embodiment (see Fig. 9) selects the group area containing
the most unprocessed commands at a particular command
execution time as the execution area. The command
execution process of this second embodiment, however,
processes commands from the first to fourth group areas in
20 simple sequential order, that is, first group area, second
group area, third group area, fourth group area, then first
group area, and so forth.
Fig. 12 shows a flow chart of command execution
process of this second embodiment. As shown this figure,

25 it is first determined whether there is a command to be



3 a2 a ocT Q02 determ ned whet her the commands indicate sequential access
(S93). Determ nation of sequential access is done as follows. As shown in
Fig. 3A, each command contains 5 both an address 103 and data size 104
(data transfer size). For exanple, when conmands 1 a and 1 b are
consecutive, the follow ng relationshi p38xists; address sgdcPET 02y
command 1 a + data size of command la 10 - address specified by coomand 1 b
(2). The equation (2) nakes it possible to decide whet her commands are
consecutive (sequential) or not. Likew se, whether commands 1 c and 1 b are
consecut i & oxans beddeﬁiehnpnmiilbyxs(e?gisdt). t WY Heoh | tdve ng igquet & 000 i aatldr ess
specified by command 1 ¢ = address specified by command 1 b + data size of

command 1i® pIp.cdssed éfsaﬁsl)orenmbsmél € oy nepnldy | ige b i RO RSBISE | ONsS
to predict the start address of the data addressed by the next command in

sequence. g{dghen the commands to be processed do not access sequenti al
addresses, the process skips forward to step S95. Wen the conmands are

sequential, the commwndd qherdrigcasied frt@:nt hgoheffd Vg0t & PFHEEss0 be
processed last is predicted and issued ( 94) te that 25 predicted

s ol Soode I it Someres come drooshd MRAMEIHII D
Al commardiminiahlie fbeeitPeInexeme | P§6F)€2 Mfhen the process time
does not reach the command execution time, the process
ends. When the process time reaches the command
execution time, the next command execution time is set
10 (S63).

A value indicative of the previous execution area
is then stored as a current area counter (S64). A next area
counter is then set by adding 1 to the current area counter
(S65). Note that when the value for the next area counter

15 exceeds the highest counter value (4, which is number of
sections on the disk, in the example shown in Fig. 3), the
next area counter is reset to 1. It is then determined
whether all group areas 213-216 are checked (S66). When
commands in all group areas 213-216 have been checked,

20 this command execution process ends. When not, it is
determined whether there are any unprocessed commands
in the area specified by the next area counter (S67). When
there are no unprocessed commands, control loops back to

step S65 and the next area counter is incremented as

25 above. When there are unprocessed commands in the area



t.hen processed (S95). It is then determ ned whether there 5 are any

predi cted commands posted (S96). Wen there are predicted commands, those
commands are processed (S97). Conmands processed in steps S95 and S97
result in data being read fromhard disk drive 32 and storg8 gor gggspecific
area in menory 22. Data read fromhard dilsk drive 32 into 10 nenory 22 is
then output to the requesting termnal in the read data output process
shown below. Fig. 18 shows a flow chart of an exenplary read data out put
process according to this preferred enmbodiment. The first step is to

det er mi ne sweeifée dt bar dhies Nexhngrelat goguie If,r somheandsorin 2De rame3dponse
to the received read conmand (S101 ). Wen not, the procedure advances to
step Sl03arvhexeadetedi(S68)t sandsthmidethe prdeessadndkdt.a and the tagged
read data is output to the requesting termnal (S102). 20 Then it is
determ ned whet her tAwreéoes dhy pretd demedy seatedataccorgiregi tdiMeer ead
data area 231 , and whether there is a predicted command with the predicted
command f g tol m bbfding&h03)th Bydataisseheeki sgstben paedioeding dat ahisag,
predictively read data is only output 25 after a read command is received

mat c§ ng iphreferedidcten b o @i entcre2N02e40 tb@manto wher efy hidwd dat aveas
read. Therefore, when there is predictively read data in predictive read

data ar eacthpzsti L heth ither deedi b e somuydah i ebranegpiedi o ed
command flag is "off", the predictively read data 5 is output to the
termnal reqyesti a6t ! ad dahareBP4mppddes data throughput.

It should be noted that if the number of

commands grouped in a particular group area exceeds the

10 number of commands that can be processed within a single
command execution period, remaining commands in that

same group area can be prioritized for processing in the

next command execution period. As a result, AV
information that is stored continuously to a particular disk

15 section and is frequently accessed can be read and

reproduced without interruption by prioritizing reading from

that disk section.

(Embodiment 3)

20 A data server system according to this preferred
embodiment groups received commands according to the
section of the hard disk drive accessed by the command,
stores the commands to memory 22 by command group, and
processes commands stored to the same area in memory 22

25 at each command execution time interval. This is the same



the process ends. As described above, received commands are grouped and
processed not in the sequence received, but by the area of the disk
accessed by the command in a data 10 server system according to these
preferred enbodi nents. By thus batch processing conmands 2cg@gs$i
substantial |y adjacent areas, read/ wit® head novenent is |ess, and data
t hroughput is greater, than when the data storage area of a hard disk
(magnetic disk) is randomy accessed. 15 It will be obvious to one with
ordinary skill in the related art that the present invention shall not be
limted tasusim wihie naboote c fdisdtk andi asekmred spewibfo dahlentst hef prtésent

i nvention can be applied with any type of nedia drive for recording data to
a recordiimgventiam with a 20 recording area to which data can be recorded
and from whi ch data can be reproduced. Although the present invention has
been described in cAmditionally t thotve pekef ear eth tarbsdirvent s ydtermofofni th
reference to the acconpanying drawings, it is 25 to be noted that various

changes attli stoelirfb odimanst wotédbets WhHataodfardd aiparteat reedibese
skilled in the art. Such changes and nodifications are to be understood as

i ncl gded wetdii n gdeedcopm of thbe PaEsEQUItPveotfi ok eguenftiard drclls
appended cl ai ns, unless they depart therefrom

addresses in the case that: a plurality of consecutively

received commands are read commands; the commands

indicate sequential access addresses; and the number of

received commands does not exceed the number of

10 commands that can be processed within a single command

execution period. The predicted commands are then

processed consecutively to the received commands. This

method is particularly effective when the data to be

processed is AV information, that is, when there is a large

15 amount of time-dependent information to be processed,

because head travel over the hard disk can be minimized

and the time consumed by wasted movement can be
reduced.

The following description will be done in the case

20 that up to five commands can be processed within a single

command execution period, and these commands are

received in the sequence 1a, 4a, 1b, 4b ..., as shown in Fig.

13A. In addition, these commands access sequential

addresses, i.e., indicate sequential access. As described

25 above, the received commands are grouped by the disk



2 8 ocT 2002 42 CLAIMS 1. A data storage apparatus for storing data to a
data recordi ng nedi um which receives commands t hrough a conmuni cati on
device from external devices, records to the 5 data recordi ng nedi um dat a
rreceived with a command when the received command is a MWI%? onnand and
when the received command is a read cord@nd, reads infor T 2 t he
data recordi ng nedi um according to the read command and out puts the data

t hrough the comuni cation 10 devi ce, said apparatus conprising: a command
storing device for grouping received commands according to a recordi ng area
on the datectésnr dioue sreddymaaat estsae dybgad h ec aomnd areddgsd api g tae
recei ved commands to a predeterm ned conmand group 15 area according to the

group; andp@mom"rwr(baMacmeng\am\ar@ezfzor selecting at a predeterm ned tine
interval one of the command group areas in said command storing device, and

executing at |east oretipé €IS Sé e ed tioinStHingle SEhecicermepanayd 120 group
area. 2. The data storage apparatus according to claiml1l , wherein said

command eXecuihbg 1devace stbeelds tdetiventiard @relpp akge 5t21BNgnt hfhémst
nunber of 25 unexecuted communds, as said one sel ected command 4

ocT 2002 ﬁf@h‘ﬁb@f e@zataaosmfm:ekef@re npeb¢dlssed. The tad @sat Qf;ﬁgﬁb
apparatus according to claim1, wherein said conmand executing devi ce

sel ects opg &f ¢ ggﬁnﬁaﬁa@ﬂaesngreép BF&e8sise d h?ncmﬂﬁg$éor¢@ﬂ1 aHige in

t he predet ermn sequence. 4. The data storage apparatls according to

ggs:gglfo etectlndgwﬁﬂﬂﬁg gﬁgQgE;g?fledﬁcéf L$§F§?§%9f reaéﬁq%hggnds
oo AN ) RSP SR, (08 FERIER TR 4
processed are therefore predicted and processed.

10 More specifically, commands 1a, 1b and 1c
access sequential addresses, and it is logical to predict
that commands 1d and 1e are to follow the command 1c
As a result, predicted commands 1d and 1e are processed
following the three actually received commands 1a, 1b and

15 1c.

The data read based on a predicted command is
stored to a specific area in the memory 22, and is output to
the external device or the computer that sent the data
request when the command matching the predicted

20 command is actually received. When a command matching
the predicted command is not received within a
predetermined period of time, the data read for the
predicted command is abandoned.

At time T2' in Fig. 13, the commands stored for

25 fourth group area 216 are processed. In this case, however,



15 a command predicting device for predicting a command for readi ng out
data froma data recording area on the data recordi ng nmedi um when sai d
detection device determ nes that sequential recording areas are accessed by
said read conmands, said data recordi ng%{;lr ea being 20 sed@u@mcTapys o areas
accessed by conmmands stored in the sel ed command group area, whereby the
predi cted command is processed consecutively to commands contained in the
sel ected command group area. 25 2 8 oC~ aooz 44 5. The data storage
" apparatus according to claim1, wherein said data recording nediumis a
magnetic Hheke 8reafiwg neemmandat 48-tiendtares £odt dhagéorspar arass for
storing data to a data recordi ng nmedi um which receives comuands through a
comuni ca@r6a @M ce Fihbin @qu@lsatheevi 8 ¥Em udnd v dreds afo aavs nianas
recordi ng nmedium data received with a conmand when the received command is
a wite ctmatindanate weacelss adcwitieih cansbmdl ¢ scam maah d 0 exatmatidn r eads
information fromthe data recordi ng nmedi um according to the read conmand
and out puperidad. dat herer dsgina hree ma@iminge gtrioare sievi g ec apaiai t yetmoth at
conprising the steps of: grouping received conmands according to a 15
r ecobdi ngcamem aondt hex date i oacopeéirngdred udh acorarach dy paacdi atdamanik
storing the received commands to a predeterm ned comrand group area
accordi ngtherehergrekippeed.ecting at a predetermned tinme interval one of
20 the conmand group areas; and executing at |east one of commands stored

in said selected cotmesthgronprarssaa datahsenethosly scent didwotdiregaion 6,
wherein in said 25 selecting step, the command group area storing the nost
4 5 2 8 Ofi002reeierd of e e eé et Cal@beadlts | Swhed teadied ssqaaintiane
access continues for a predetermined period, or more
10 specifically detects whether the information specified by a
plurality of commands resides at sequential addresses on
the disk. When sequential access is thus detected to
continue, the data is confirmed to be sequential access
data. The command accessing the next data block stored
15 contiguously to the end of the last sequentially accessed
block is then predicted, and the predicted command is
processed. This is possible because the data is accessed
sequentially. The data read sequentially by the predicted
command is then stored to the memory 22, and is passed to
20 the requesting terminal when the matching command is
actually received.
By thus performing a task before actually
requested, sequentially accessed data can be processed

and transmitted with greater effective throughput. This is

25 particularly advantageous when handling AV information.



sel ected command group area at a specific time interval. 8. The net hod
according to claim®6, wherein in said 5 selecting step, said one of the
command group areas is selected in the predeterm ned sequ% e. 9. The

met hod according to claim®6, wherein sajd executing step gqﬂmswthe
steps of: 10 detecting whether data sp fied by a plurality of read
commands is stored to sequential recording areas on the data recording

medi um when comrmands stored to the sel ected conmmand group area are read
commands; _and predicting a command for reading out data froma 15 data
recor di ngT Biedai &n RheCaBt BN W RS 8P ne AEdAVY Whkar mati andeodrtin Bed & lyat
sequential recording areas are accessed by said read conmmands, said data
recor di ngaAdedvidbiontt $et@erdphion o headstiaveleatwe egormenassstesks in the
sel ected command group area, 20 whereby the predicted conmand i s processed
consecut i ¢ahybeoredunads avvdtdabedirowgbpid eearet cdnoaaasgdup area. 10.
The method according to claim6, wherein said 25 data recording nediumis a
magneti c di sk. Figs. 14 and 15 show a memory map for memory
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25 storing data for each of the predicted commands because
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all of read data by the prediction may not be output. It is
therefore not possible to uniformly manage predictive data
output, and it is necessary to manage data output
separately for each predicted command.
5 Each of the plural areas 231a, 231b,... is further
segmented into a plurality of areas 237-241.

The area 241 is for storing the data read based
on a predicted command. The area 237 stores a pointer to
the address of the data read last in response to a predicted

10 command. The area 238 stores a pointer to the address of
the last-output data which is obtained by the prediction.
The area 239 stores the tag as described above. The area
240 stores a flag indicating state of predicted data.
The operation of a data server system according
16 to this preferred embodiment is described. Note that the
main loop routine of this preferred embodiment is the same
as that shown in Fig. 7. The individual routines within this
main loop are therefore described below.

Fig. 16 is a flow chart of the command receiving

20 process in the data server system according to this
preferred embodiment. This command receiving process
differs from that in Fig. 8 in that additional steps S11a and
S11b are inserted between steps S11 and S12 in Fig. 8.

More specifically, after detecting a received command in

25 step S11, it is determined whether the received command
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The command execution process according to this
preferred embodiment is described next. This command
execution process is substantially identical to that shown in
Fig. 9, differing in the method performed as step S39 to

10 process commands in the execution area. This method of
processing commands according to this preferred
embodiment is described further below with reference to Fig.
17.

First, it is determined whether capacity is

15 available to process additional commands (S91). That is,
the number of commands that can be processed within a
single command execution period is determined in advance
based on the capacity of the disk drive, and when the
number of commands stored in the group area selected as

20 the execution area is less than this number of processable
commands, the capacity is decided to be available.

When there is not capacity available, the
procedure advances to step S95. When there is capacity

available, it is decided whether the command to be

25 processed is a read command (S92). When it is, it is
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As shown in Fig. 3A, each command contains

5 both an address 103 and data size 104 (data transfer size).
For example, when commands 1a and 1b are consecutive,
the following relationship exists;

address specified by command 1a + data size of command
1a

10 = address specified by command 1b (2).

The equation (2) makes it possible to decide
whether commands are consecutive (sequential) or not.
Likewise, whether commands 1c and 1b are consecutive can
be determined based on the following equation;

16 address specified by command 1c = address specified by
command 1b + data size of command 1b  (3).

It is therefore possible by applying the above
equations to predict the start address of the data addressed
by the next command in sequence.

20 When the commands to be processed do not
access sequential addresses, the process skips forward to
step S95. When the commands are sequential, the
command to be processed after the received command to be

processed last is predicted and issued (S94). Note that

25 predicted commands are sequential to received commands.
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All commands in the selected execution area are

then processed (S95). It is then determined whether there

5 are any predicted commands posted (S96). When there are
predicted commands, those commands are processed (S97).
Commands processed in steps S95 and S97 result in data
being read from hard disk drive 32 and stored to a specific
area in memory 22. Data read from hard disk drive 32 into

10 memory 22 is then output to the requesting terminal in the
read data output process shown below.

Fig. 18 shows a flow chart of an exemplary read
data output process according to this preferred embodiment.
The first step is to determine whether there is

15 any data read from the memory 22 in response to the
received read command (S101). When not, the procedure
advances to step S103. When there is, a tag is added to
the read data and the tagged read data is output to the
requesting terminal (S102).

20 Then it is determined whether there is any
predictively read data in predictive read data area 231, and
whether there is a predicted command with the predicted
command flag of "off" (S103). By thus checking the
predictive data flag, predictively read data is only output

25 after a read command is received matching the predicted
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predicted command flag is "off", the predictively read data

5 is output to the terminal requesting the data (S104), and
the process ends.

As described above, received commands are
grouped and processed not in the sequence received, but
by the area of the disk accessed by the command in a data

10 server system according to these preferred embodiments.
By thus batch processing commands accessing substantially
adjacent areas, read/write head movement is less, and data
throughput is greater, than when the data storage area of a
hard disk (magnetic disk) is randomly accessed.

15 It will be obvious to one with ordinary skill in the
related art that the present invention shall not be limited to
use with magnetic disk media. More specifically, the
present invention can be applied with any type of media
drive for recording data to a recording medium with a

20 recording area to which data can be recorded and from
which data can be reproduced.

Although the present invention has been
described in connection with the preferred embodiments
thereof with reference to the accompanying drawings, it is

25 to be noted that various changes and modifications will be
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10 device, said apparatus comprising:

a command storing device for grouping received
commands according to a recording area on the data
recording medium accessed by each command, and storing
the received commands to a predetermined command group

15 area according to the group; and

a command executing device for selecting at a
predetermined time interval one of the command group
areas in said command storing device, and executing at

least one of commands stored in said selected command

20 group area.

2. The data storage apparatus according to claim 1,
wherein said command executing device selects the
command group area storing the most number of

25 unexecuted commands, as said one selected command



f/$10%B& ()- 3 -10%B& ()- S) 10%B& ()- L' ! 10%B& ()- mivUal0
$109%KSME () -4 "1 109%S$& ()- F1l09%S$& ()-10QB10QB10Q6 9$10%BE () -
37 1 10%%& ()- _|[:-410" s--&10% & ()-3 s--&10%"0& ()-3 s--&10%2632() 3
$10%ex$e& ()-4 $10% x$ & ()-4 > $109 () - 40bA410"  $102@50E
$109RQB&&' () - $L0%UWB&' () - $L0%W&' () - 10%WB&' () - 310" 10" | 8vUA10 110%1$& () -
10%1$& () -1 10Q610QB10GB ' $10%B& ()-Y ' $109WBOL () - Y

$10%)Q$0& ()-Y8m(|[:vU410 " 1109%$& ()- s!10%@$& ()- 10%@$& ()-

9$10%1$& $& ( YS& () 10 91 10%i$& ()-

3+ 1 10% 3”3 é?f@ %6)%19058? fH% %é/&-@%% & 's! 109%$& () -
$1090d$9& () 8K" #5% [ NA41010d$10d$10d$ 9$10%1$8! ()- Y7'! 10%1$& () -
L3t ! 10%1$& ()- F11006$& ()- @ $10%I$& () - 9BG{$| [ : NA41010 " ! 109%$&’ () -

1 109K$& 4 $ 0%$& ()= s!1Q%S

109 $& () $V)"|[ 1%%1%&%93 311‘6’%?&@%9'3@0?& @ﬁ?f;y‘gl?%@&"%ﬂ

3M 109%$& () - 10%% &10%« 410x$ 9$109x$&

y5s! 10%<$4§‘L (%re'”s Sﬁl‘éﬁ/&ﬁ“ma" %%ga%)&e%l@fo%&d&f(fﬁ Oné)Of the

Y+$1 %X $0& ( \fbA410x$ S$I10%B& ()- :S$109B& ()- ! 10%VBME () -
MM@P@W mwa gy eagoin1bhes R9|npmmndx$t@3wmod@/$m@(pn the

sQ't'lO‘V&S& ()- 91t 10908 ()- t! 10%BNE ()- ! LO%VBME: ()-

s$10%viEMEP [§ ARERT M iNEID N /A HSIMERR 00 ME: ()-' f5L! 10%VBME () -

Y1s! 109%BM& ()- sS/ $10%VBME' ()- sL- 109%VBM ()- 9' ! 109VBMS' () - bA41OM M

&$10%CA$CE ()-- 98$10%$& ()-- ! 10%$& ()- 10%$& ()-

Y's10%1$& () - 10M MLOM M>| [ : A410M' M SH$10%4UBQR' () -9 SHS10%QU$QE () -
S#$10% d$t e ()-9 SHElevEty storageeiBranet e Bveaseikn g)to claim 1.

wherein said command executing device comprises:

10 a detection device for detecting whether data
specified by a plurality of read commands is stored to
sequential recording areas on the data recording medium
when commands stored to the selected command group area
are read commands; and

16 a command predicting device for predicting a
command for reading out data from a data recording area
on the data recording medium when said detection device
determines that sequential recording areas are accessed by
said read commands, said data recording area being

20 sequential to areas accessed by commands stored in the
selected command group area,

whereby the predicted command is processed
consecutively to commands contained in the selected
command group area.

25
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5 for storing data to a data recording medium, which receives
commands through a communication device from external
devices, and records to the data recording medium data
received with a command when the received command is a
write command, and when the received command is a read
10 command, reads information from the data recording
medium according to the read command and outputs the
data through the communication device, said method
comprising the steps of:
grouping received commands according to a
15 recording area on the data recording medium accessed by
each command;
storing the received commands to a
predetermined command group area according to the group;
selecting at a predetermined time interval one of
20 the command group areas; and

executing at least one of commands stored in

said selected command group area.

7. The method according to claim 6, wherein in said

25 selecting step, the command group area storing the most
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9. The method according to claim 86, wherein said

executing step comprises the steps of:

10 detecting whether data specified by a plurality of
read commands is stored to sequential recording areas on
the data recording medium when commands stored to the
selected command group area are read commands; and

predicting a command for reading out data from a

15 data recording area on the data recording medium when it
is determined that sequential recording areas are accessed
by said read commands, said data recording area being
sequential to areas accessed by commands stored in the
selected command group area,

20 whereby the predicted command is processed
consecutively to commands contained in the selected

command group area.

10. The method according to claim 6, wherein said

25 data recording medium is a magnetic disk.



